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The influence of the layers thickness of bilayer multi-period coatings of the CrN/MoN. and CrN./TiNx
systems on their phase-structural state, substructure, stress-strain state and mechanical properties was
studied using methods of precision structural analysis in combination with computer simulation of implan-
tation processes during particle deposition. It is established that a two-phase structure of CrN and »MozN
phases of the structural type NaCl is formed in the multi-period coatings of the CrN./MoN. system with a
nanometer thickness of the layers. Because of the small difference in periods (less than 0.5 %) for
A <20 nm, the layers form a coherent interlayer interface. The use of small Uy =— 20 V during deposition
makes it possible to avoid significant mixing at interlayer (interphase) boundaries even at the smallest
A =10 nm. Nitride layers formed under conditions of vacuum arc deposition are under the action of com-
pressive stresses.

In the CrNJ/TiN, system, because of the relatively large discrepancy between periods (more than
2.5 %), during the formation of the same structural components in the layers (CrN and TiN phases of the
structural type NaCl), the epitaxial growth with period adjusting does not occur, even for the smallest
A =10 nm. The action of the deformation factor at the interphase boundary allows achieving an ultrahard
state (with a hardness of about 50 GPa), which causes a relatively low friction coefficient.

The obtained results on the formation of phase-structural states with the nanoscale thickness of layers
of multi-period nitride coatings are explained from the position of minimization of surface energy and de-
formation energy.
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1. INTRODUCTION

Nitrides of transition metals such as TiN [1], ZrN
[2], MoN [3], CrN [4], TiAIN [5] and TiZrSiN [6] are
widely used as protective coatings for cutting tools,
parts and mechanisms of various functional purpose
because of their high hardness and wear resistance
[7, 8]. In addition, coatings such as CrN also have a
high resistance to oxidation, wear and corrosion [9, 10].
Nevertheless, CrN has a rather high friction coefficient
(COF) (0.4-0.8) in air [5]. The transition to multiele-
ment nitride coatings based on five to six transition
metals makes it possible to slightly increase the tribo-
logical characteristics [11]. However, for this type of
structure, the optimization possibilities are very lim-
ited.

Thus, the mechanical properties of nitrides of tran-
sition metals, which are in the form of a single-phase
coating, in most cases cannot fully satisfy the require-
ments for their functional characteristics [12]. The
transition to a multi-layered structure of coatings al-
lows not only to reproduce the advantages of each com-
ponent, but also to achieve higher properties, which is
one of the most effective methods for improving the
characteristics of coatings. It was shown that multi-
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layer coatings have higher hardness and viscosity as
compared to monolayers.

To achieve high mechanical properties, it is neces-
sary to select the systems used, taking into account the
phase composition [12], structure, substructure and
stress-strain state [13]. This selection process is based
on the results of structural engineering [14]. So it is
assumed that in the case of the CrN base, it is advisa-
ble to use MoN as the second layer in the multi-period
system [15]. The creation of such a multi-period
(CrN/MoN) structure is one possible way to reduce the
friction coefficient of coatings, for example from 0.6-0.8
(present in CrN) to 0.3-0.4 (present in MoN [16]), which
can lead to a significant increase in the service life of
such a coating. Also for the mechanical properties, the
macrostress state of the layers is of great importance.
As shown in [17], compressive stresses of —2 GPa in
the Mo-N layers and tensile stresses 0.15 GPa in Cr-N
layers take place during magnetron sputtering. The
hardness of such coatings does not exceed 26 GPa. The
thickness of the layers in the period is also an im-
portant parameter determining the operability of a
multi-period coating. Thus, for coatings obtained by
magnetron sputtering (where the low degree of ioniza-
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tion and the average energy of the particles are rela-
tively small), an increase in hardness with decreasing
layer thickness was established [e.g. 18]. However,
even 1n this case, there is a critical thickness below
which the hardness of the multi-period coating falls.
For most systems, this critical layer thickness is
5-8 nm [19].

In this study aim was to study the structure, sub-
structural characteristics, stress-strain state, mechani-
cal and tribological properties of nanolayer multi-
period coatings, depending on the thickness of the
nanolayers. It was expected that intensive ion bom-
bardment using vacuum arc method [20] compared
with electron-beam [21] and magnetron sputtering [22]
will increase the adhesion, residual stresses and nano-
hardness of coatings, but may lead to interphase mix-
ing at the boundaries of the layers.

In addition, the systems selected in this study are
interesting in comparison because the CrN»/MoNy sys-
tem is characterized by a small difference in the peri-
ods of the crystal lattices of the constituents (less than
0.5 %), and the CrN«/TiN: system is characterized by a
relatively large corresponding difference (more than
2.5 %).

2. EXPERIMENTAL DETAILS

Multi-period nanolayer coatings were deposited in
the modernized vacuum-arc unit "Bulat-6" using a ro-
tary device with two evaporators [23]. Cr, Ti and Mo
are metal targets of purity more than 99.95 %. Active
gas 1s nitrogen (purity 99.9 %).

Coatings were applied to the surface of samples
(20 x 20 x 2 mm) made of 12X18H10T steel by rotating
the substrate holder with alternate deposition from two
evaporators. To reduce the effect of mixing during the
deposition of multi-period structures, a low bias poten-
tial was used, with the value Us=- 20 V. Deposition
was carried out at an operating pressure of the nitro-
gen atmosphere Px = 3 mTorr. For the CrN»/MoNy sys-
tem, the bilayer period (A) was 300, 150, 80, 40, 20,
10 nm. Coatings of the CrN«/TiNx system were obtained
with A = 150, 20 and 10 nm. The total thickness of the
coatings was about 10 pm.

The phase composition, structure, and substructur-
al characteristics were studied by X-ray diffractometry
(DRON-4) using Cu-Ka radiation. The determination of
structural and sub-structural parameters, as well as of
the stress-strain state, was carried out according to
standard techniques for film samples [13]. To decode
the diffractograms, the tables of the international dif-
fraction data center Powder Diffraction File were used.

Microindentation was carried out at the «Micron-
gamma» device at a load up to F'=0.5 N with a Berko-
vich diamond pyramid with an angle of sharpening 65°,
with automatic loading and unloading for 30 seconds.
The study of the wear resistance characteristics was
carried out on a «Micron-friction» device by rotating a
diamond indenter with a radius of curvature of approx-
imately 500 um along the coating circle. In the auto-
matic mode, the load level (P) and the frictional force
between the diamond surface and the coating (F) were
recorded. The friction coefficient (f) was determined as
a result of the ratio of the frictional force to the load.
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To understand the spatial distribution of radiation-
stimulated changes in the boundary (interlayer) re-
gions during the deposition of high-energy particles,
computer simulation was used. For this purpose, a pro-
gram based on the approximate method of double colli-
sions, SRIM [24] was used in the work.

3. RESULTS AND DISCUSSION

In the formation of multi-period systems in the first
case (CrNx/MoNy) one can expect a combination of CrN-
inherent high resistance to oxidation, wear, corrosion)
with low friction coefficient present in MoN in a wide
temperature range (~ 0.18 of self-lubrication) and low
wear rate [25].

Figure 1 shows an electron microscopic "cross sec-
tion" image of a multilayer coating of CrN+/MoNx with
layer thickness A = 300 nm.

—
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Fig. 1 — A scanning electron microscope image of the cross
section of the CrNJ/MoN: coating with layer thickness
A =300 nm

Since heavier atoms with a large atomic number Z
give more vivid shades of gray in the SEM images, the
MoN layers with a large average Z are visible, as the
lighter ones. The CrN layers have a lower average
atomic number, which leads to a darker color of the
layers. Note the good planarity of the layers and their
equal thicknesses (Fig. 1).

Analysis of the results of X-ray diffraction studies of
multi-period compositions CrN+/MoN. showed the for-
mation of phases with an isostructural crystal lattice
CrN (JCPDS 77-0047) and »Moz2N (JCPDS 25-1366)
(structural type NaCl) in the layers. Figure 2 shows the
most typical spectrum for this series of coatings (at
A =300nm) and its division into components. Spec-
trum 1, taking into account the isolation of the compo-
nent profiles, shows the presence of 2 phases (CrN and
»Mo2N) corresponding to the layers. A texture for-
mation with the axis [311] is observed in the yMo2N
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layer, and the formation of a significant texture is not
observed in the CrN layer at the used bias potential —
20V. The lattice period in »Moz2N layers was
0.424 nm, and in CrN was 0.417 nm. Such an increase
in the period in thick layers (where mixing is negligi-
ble) can be determined by the action of compressive
stresses [13]. The calculations show that a »»MozN de-
velops higher compression voltages of — 4.77 GPa, while
in the CrN layers, the stresses are less significant and
amount to — 1.68 GPa. The compressive stress in the
coating is caused by high-energy ion bombardment dur-
ing deposition [6]. Such stresses have a favorable effect
on the increase in hardness and adhesion of the coat-
ing.
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Fig. 2 — The area of the diffraction spectrum of CrN./MoN. (1),
as well as the ~MoaN spectra of the component (2) and the
CrN component (3), obtained after division of complex diffrac-
tion profiles. The vertical lines show the positions and relative
intensities of the table spectra of »Mo2N and CrN phases
(JCPDS 25-1366 and JCPDS 77-0047)

At the substructural level, there are also significant
differences in the layers:

— in »Mo2N layers, the average crystallite size is
180 nm, and the micro strain <e> reaches 1.52 %;

—in the CrN layers, the average size of the crystal-
lites is less (about 27 nm), and the micro strain is much
less than 0.47 %. In the latter case, the small values of
the micro strain are apparently determined by partial
relaxation due to the nanoscale grains scanning along
the boundaries.

An increased period (typical for »-Moz2N with more
than 80 % filled with octahedral interstitial sites) was
observed in vacuum-arc coatings earlier in the for-
mation of the Mo-N system under conditions of high
nitrogen pressure and a low bias potential [26]. It
should be noted that for the formation of CrN, a single
layer exhibits the face-centered-cubic phase (JCPDS
77-0047), whereas the MoN single layer demonstrates
the hexagonal 6-MoN structure (JCPDS 89-5024) oc-
curs in the N2 atmosphere only at high pressures of
2 Pa and at a bias voltage of — 200 V [5].

In contrast to the large thickness of the layers (when
the interlayer boundary has a small effect on the phase
composition and the stress state), at a small thickness of
the layers, there is no noticeable allocation into two phas-
es on the diffraction spectra. The average value of the
period calculated from the peak positions is 0.422 nm.
This value exceeds the table values for »Moz2N (period

JJ. NANO- ELECTRON. PHYS. 10, 01010 (2018)

0.416 nm, JCPDS 25-1366) and for CrN (period 0.414 nm,
JCPDS 77-0047). Such an increase in the period corre-
sponds to a compression macro strain of — 1.4 % or (with
an elastic modulus of 316 GPa and a Poisson's ratio of
0.29) compressive stresses of — 3.4 GPa.
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Fig. 3 — The area of the diffraction spectrum of CrN/MoN: (1),
as well as the component spectra after division of diffraction
peaks of complex shape (2)

The obtained results can be interpreted as a result
of the "adjustment" (epitaxy) of the lattice for a single
crystal structure (the structural type of NaCl) with a
small discrepancy between the periods [14]. In the
CrN»/MoN: system, a -Mos2N phase is formed in the
Mo-N layers with a crystalline cell parameter close to
the cubic phase of CrN. The reason for the appearance
of such epitaxy at low thicknesses is the determining
factor for minimizing the interphase energy between
the layers. At large layer thicknesses, the difference in
the periods leads to the determining contribution of the
deformation factor (due to the difference in periods)
and does not allow epitaxial growth.

At the substructural level for this type of coating,
the average crystallite size is 15.4 nm, and the micro
strain <e> reaches 1.04 %, which is somewhat less than
in the thick »Mo2N layers, where it is 1.52 %.

The diffraction spectra obtained from the coatings
of the CrNu/TiNx system with A= 150 and 10 nm are
shown in Figures 4 (a) and 4 (b), respectively.

It can be seen that for the case of a relatively large
layer thickness (Figure 4a) and for a small thickness
(Figure 4b), two diffraction spectra appear which corre-
spond to CrN (JCPDS 77-0047) and TiN (JCPDS 38-
1420) phases with cubic lattices structural type of
NaCl. The lattice periods are increased in comparison
with the tabulated values, and for the CrN phase crys-
tallites are 0.4171 nm (A=150nm) and 0.4174 nm
(A = 10 nm), and for the TiN crystallites the phases are
0.4260 nm (A =150nm) and 0.4258 nm (A = 10 nm).
The values obtained correspond to the action of com-
pression strain in the layers, about 0.7 %. It should be
noted that as the layer thickness decreases, the lattice
period of the TiN phase decreases and the CrN phase
increases. Such an effect can be associated with the
initial stage of lattice epitaxy, which, however, because
of the large difference in the periods, does not go over
to full growth epitaxy.

Also the peculiarity of thin layers is the appearance of
a preferential orientation of the crystallites with the [100]
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axis perpendicular to the growth plane (Fig. 4b — can be
seen in an increase in the relative intensity of the peaks
from the (200) plane in the angular range 26= 40...45°,
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b

Fig. 4 — The areas of the diffraction spectra of the CrN,/TiN.
coatings obtained at Up=—20V and A~150nm (a) and
A =10 nm (b). 1 — initial spectrum, 2 — after division of com-
plex diffraction profiles

both from TiN, so and CrN phases). As the A increases,
the axis of the axial texture appears [111].

The study of the functional characteristics of the
coatings obtained consisted of a study of hardness and
tribological characteristics.

Hardness is the most universal indicator of the me-
chanical properties of the surface. The results of hard-
ness measurements are shown in Figure 5.
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Fig. 5 - Dependence of hardness H on A in multi-period
coatings CrN~/MoN; (1) and CrN./TiN: (2)

It can be seen that the hardness of the multi-period
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coatings of the CrNs/MoN. system is lower than
CrNu/TiNx. This is due to the higher hardness of the
TiN component compared to MoN. It should be noted
here that the dependence of H on A is different in the
region of small periods (A < 20 nm). It is seen that for this
critical region A <20 nm for the CrN»/MoNx system there
is a relative decrease in hardness, which reaches 10.4 %.
In the CrNy/TiN: system such a drop is not observed, and
the hardness reaches 49.7 GPa (Fig. 5, curve 2).

Thus, the state that determines the stability of the
structure and properties of multi-period composite
coatings is the state of interphase boundaries [16]. To
assess the depth of impact during layers deposition,
computer simulation of implantation processes was
carried out in the work. Simulation of processes that can
occur at the boundary at the nanometer scale of layers is
based on radiation-stimulated effects upon deposition.
The simulation showed that with the small potential
U,=—20V used, the maximum depth of action, both in
the CrN+/MoNy system and in the CrN/TiN, system, does
not exceed 1 nm. Thus, radiation-stimulated mixing at the
boundaries of layers cannot be a determining factor of the
structural state and properties even at the smallest
critical thickness A < 20 nm.

The tribological characteristics of coatings showed
quite predictably the interrelation with the structure of
coatings and their hardness. As a rule, coatings with
the highest possible hardness, adhesion and minimum
friction coefficient possess the least wear. [27]

The study of the wear resistance characteristics (a
typical profilogram is shown in Figure 6) showed that the
friction coefficient of coatings with the highest hardness
(A <20 nm) for systems "diamond indentor - multi-period
coating" is rather low (0.12-0.13) (for the CrNu/TiNx
system) and 0.12-0.14 (for the CrN»/MoN: system). For the
system "steel ShKh-multi-period coating" the friction
coefficient is much larger and is 0.32-0.41.

Fig. 6 — A photo of the friction surface, a scanning curve of the
groove depth and a 3D groove profile of the CrN./MoN; coating
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At the same time, a smooth decrease of the
frictional force is observed at the frictional force
variations obtained for the pair "diamond indentor -
multi- period coating" with the increase in the number
of rotations, which is associated with an increase in the
contact area and, correspondingly, a decrease in the
contact load level. For the system "steel ShKh - multi-
period coating", a more significant decrease in the
frictional force at the first turns is observed. This is
due to the fact that the steel has a much lower
hardness and therefore, at the first turns, the contact
area increases and, correspondingly, the frictional force
decreases due to a sharp decrease in the load per unit
area.

4. CONCLUSIONS

In the multi-period coatings of the CrNi/MoNx
system with a nanometer thickness of layers, a two-
phase structure is formed from CrN and »~Mo2N phases
of the structural type NaCl. Because of the small
difference in periods (less than 0.5 %) at A < 20 nm, the
layers form a coherent interlayer interface (with
matching lattice periods) to minimize the interfacial
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energy (due to the less favorable thermodynamic state
in the Mo-N layer, the crystal structure is reproduced
crystal structure, as in the CrN layers (such as NaCl)).
The use of small Up=—20V in deposition avoids
significant mixing at interlayer boundaries even at the
smallest A =10 nm. The nitride layers formed under
vacuum arc deposition are under the action of
compressive stresses.

In the CrNu/TiN: system, epitaxial growth does not
take place due to the relatively large discrepancy of the
periods (more than 2.5 %) during the formation of the
same structural constituents in the layers (CrN and
TiN phases of the structural type NaCl) with the
adjustment of the periods (due to the large deformation
factor) even at the smallest A =10 nm. The action of
the deformation factor on the interphase boundary
(preventing the penetration of defects and formation of
nanocracks) makes it possible to achieve a superhard
state (with a hardness of about 50 GPa), which results
in a relatively low friction coefficient: 0.12-0.13 for the
system "diamond indentor - multiperiodic coating" and
0.32-0.34 for the system "steel ShKh - multi-period
coating".

Bruiue ToBIMHYN IIAPiB HA CTPYKTYPY 1 BJIaCTUBOCTI OimmapoBux GaraTomepiogHuUX MOKPUTTIB
Ha OCHORI HiTpuAy xpomy i HiTpuais nepexiguux merasuais Ti i Mo
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MeTtomamu IperuaifHOrO CTPYKTYPHOTO aHAII3Y B ITOEIHAHHI 3 KOMIT IOTEPHUM MOI€JTIOBAHHSIM IMILIAH-
TAI[IAHUX MIPOIIECIB IPH OCAJPKEHH] MPUCKOPEHHNX YACTHHOK JIOCJIIKEeHO BILJIMB TOBIITUHY I1aPIiB JBOIIAPO-
Bux 6araronepiogunx morpuTTiB cucreM CrN/MoN: i CrN./TiN; Ha ix cTrpykTypHO a30BUl CTaH, CyOCTPYK-
Typy, HAIIPYKeHO-Ae(OPMOBAHHUNI CTAH 1 MEXaHIUHI BJIACTUBOCTI. BeTaHoBieHo, 0 B 6araTonepiogqHux IOK-
purtsax cuctemu CrN./MoN. HaHOMETPOBOIO TOBIIMHOW mIapiB dopmyeThest aBodasHa crpyrrypa 3 CrN i
7-MozN das crpyrrypaoro Tumy NaCl. Hepes masty pisamuiro B nepionax (mexrre 0,5 %) mpu A < 20 HM 1mapu
dopMyIOTH KOTepeHTHUN MIMKITapoBuil iHTepdeiic. Bukoprucranns mpu ocamkenni Husbkol Uy =— 20 B mo-
3BOJISIE YHUKHYTH 1CTOTHOTO II€PEeMIIIyBaHHS Ha MUKIIAPOBHX (MIK(A3HNX) TPAHUIIX HABITH IpHU HAM-
menmomy A =10 am. Hitpumai mapu, skl hopMyoOTECS B yMOBaX BaKyyMHO-IyTOBOTO OCA/?KEHHS 3HAXO-

JISATHCS TI1JT JTIEH0 HAPY/KEHb CTUCHEHHS.

B cucremi CrN./TiN, yepe3 BigHOCHO BeJIMKY HeBIAmOBLIHOCTI mepionis (moHax 2,5 %) mpu gopMyBaHHL
OHOTUIHUX CTPYKTYypHUX cKiaanosux B mapax (CrN i TiN dasu crpyrryproro tumy NaCl) emirakciaasaoro
3POCTAaHHS 3 IPUCTOCYBAHHAM IIEPIOIB He BiOyBaeThcs HABITH mpu HaniMennomy A = 10 am. i mpu 1160-
My medopmarriiHoro gaxropa Ha Mikda3HIN TPAHUII JTO3BOJISE JOCSTTH HAATBEPJIOTO CTaHy (3 TBEPICTIO
6m3bko 50 I'Ila), 1m0 06yMOBITIOE BITHOCHO HU3BKUN KOEDII[IEHT TEPTH.

OTpumasni pe3ynabTaTu M0 (POPMYBAHHIO CTPYKTYPHO (hA30BUX CTAHIB IIPU HAHOPO3MIPHIN TOBIIMWHI IIIa-
piB GaraTomepiogHUX HITPUIHUX IOKPUTTIB IIOSCHEHI 3 MO3UIll MiHIMIi3allii ITIOBepXHEBOl eHeprii Ta eHepril

nmedopmMarii.

Kmouosi cimosa: Bakyymua ayra, Bararonmepiogui mokpurts, CrN, MoN, TiN, Topmmua mapy, Ilorenmian
3cyBy, ®azosuti crian, Crpyrrypa, Komm'torepue monenosanus, Teepaicts, KoedirienT Teprs.
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MeTomaMu mIperu3noHHOTO CTPYKTYPHOIO AHAIN3A B COYETAHUN C KOMIBTEPHBIM MOEIUPOBAHUEM HM-
IUIAHTAIMOHHBIX IIPOLIECCOB IIPY OCAKIEHHWHN YCKOPEHHBIX YACTHUI[ W3YyYEHO BJIMSHUE TOJIIMHEL CJIOEB
6ucioitabrx MHOrorepuoAHeix mokpertuii cucteM CrN»/MoNx: u CrN./TiN; Ha ux $a3oBo-CTPYKTYpPHOE COCTO-
sIHHE, CyOCTPYKTYpY, HAIPSKEHHO-1e(OPMUPOBAHHOE COCTOSHIE U MEXaHUJYECKHe CBOMCTBA. Y CTAHOBJIEHO,
UTO B MHOTOIEepruoAHBIX MOKphITUAX cucTeMbl CrNo/MoN: ¢ HaHOMETPOBO! TOJIIUHON CJI0eB (POPMHUPYETC
neyxdasnasa crpykrypa u3 CrN u p-MozN das crpyrrypaoro tuna NaCl. M3-3a mamnoil pasHuiibl B mepuo-
nax (menee 0,5 %) mpu A < 20 HM csion POPMUPYIOT KOTePEHTHBIN MesKcI0eBoil uuTepdeiic. Mcmnosnb3oBanue
upu ocasxaernu masoro Uy = — 20 B mosBosisier n3beskaTh CyIEeCTBEHHOIO IIePEMENINBAHNS HA MEKCIIOEBBIX
(mesxdasupIx) rpanuiax gasxke mpu camom masaoM A = 10 am. QopMupyembie B YCIOBUSIX BAKYYMHO-IyTOBOTO
OCAKIEHUSI HUTPUHEIE CJION HAXOJATCS 0 JeMCTBUEM HAIIPSIKEHUN CiKATHUS.

B cucreme CrN./TiN; n3-3a oTHOCHTEIBHO 0OJIBIIIONO HECOOTBETCTBUS I1eproioB (bosee 2,5 %) mpu dhopmupo-
BAHWY OJHOTHUIIHBIX CTPYKTYPHBIX cocTaBsommx B ¢osax (CrN u TiN dassr crpykrypsoro tura NaCl) smurak-
CHAJIBHOTO POCTA € MOACTPAUBAHMEM IIEPUOJIOB He IIPOMCXOIUT Jake rmpu camoM MasioM A = 10 um. JleiicTBue pu
aToM J1edbOPMALFIOHHOTO (PaKTOpa HA MesK(a3HOM IPAHMUIIE TI03BOJISIET JIOCTUYb CBEPXTBEP/IONO COCTOSIHUS (C TBEP-
nocteio oxo10 50 I'1a), uro obyciiaBIuBaeT OTHOCHTETFHO HUSKOMN KOo)(DUITUEHT TPEHMU.

Tlonyuyennsie pe3ysbTaThl MO (POPMUPOBAHUIO (PA30BO-CTPYKTYPHBIX COCTOSIHHM IIPU HAHOPA3MEPHOM
TOJIIIMHE CJIOEB MHOTOIEPHOJHBIX HUTPUIHBIX HOKPHITUN OOBSICHEHBI C IIO3WUIMH MUHUMU3AIMKA IIOBEPX-
HOCTHO 9HEPI'MH U IHEPruu JAedOpMAIIIH.

Kiouersie ciiora: Bakyymuas nyra, Muoronepuogasre mokperrust, CrN, MoN, TiN, Tosmaa ciiost, [Torertm-
an everenust, Mazossrit cocras, Crpykrypa, Kommsioreproe monesmposanue, Teeprocts, KoaddurmenT tperus.

JJ. NANO- ELECTRON. PHYS. 10, 01010 (2018)
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